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L inthidactioii 

Since ihe advent of hybridoma technology tiie 
poteitial of murine njAbs &r therapeutic application 
m fauiuans has been a :focus of interest 

CUiucri testing has showi that murine antibodies 
may evoke an anti-mouse immune response, the 
occurrence and magnitude of which is Hkely afeoted 
by the disease-related immuoe status of die iw^pienl 

All tighls lesen'ed. 
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and by the mode and duration of antibody adminis- 
tralion (Jaffers el al , 1986). Although mouse anti^ 
bodies of various isot3'pes, compared to their huoian 
equivaiehls, less efficienlly bind human complement 
and Fc rbcqjtoxB ejcpressed by human effector cclls^ 
some mouse antibodies have been shown to be 
cytotoxic in hmnans (Bonnefoy-Berard arid Reyii- 
lard» 1996), Yet, it may be anticipated that antibodies; 
with human Fc regions are more efFccliye cytotoxic 
reagents in human immunotherapy. 

Attempts to generate mAbs of human origin using 
a variety of methods inchiding somatic hybridization 
or immortaiization of cells with Epstein-Bairr yirus 
have met with considerable technological and ethical 
problems and-ha\fe not resulted in the establishm^t 
of reliabJe and robust me&ods. Huraanization of 
murine mAbs by replacing Ig constant (C) or 
variable (V) region sequences, resulting in 
'chimeric' and %iunahi2ed* ABs (Morrison et at, 
4984; Jones el^ al,, 1986), has led to a reduction of 
the immunogenidtj' of the molecules. Further reduc- 
tion of immunogemcity can be expected from com- 
pletely human mAbs, which have recently been 
derived fipm transgenic mice and &om phage <Uspiay 
libraries. 

Inraiiinizatiori of transgenic mice harboring huriian 
Ig H and L chain mini-loci and subsequent im- 
mprtalizatibh of spleen cells by somatic faybridiza* 
tion yields high-affinity human mAbs of pre^fined 
specificities (Taylor et al„ 1992; Mendez et al., 
1997). An alternative approach has been the con- 
struction of libraries of human Ab fragniaits; ex- 
pressed on the surfece of filamentous phages : and the 
selection of desired Ab-specifidtiiss by in vitto 
panning (Burton and BarbaSi 1994; Winter et aL. 
1994). The Ab i&agments obtained fiom these li- 
braries are small scFv or Fab fina^iricnts and differ 
from intact Statural Abs in terms of valency, phar- 
macokinetic behavior, and ability to lecruit Fc 
rcgplpn-dependeht effector functions. 

We have previously described the construction of 
a semi-synthetic phage Ab display librai>' of scFv 
fiagments end shown that a variety of phage selec- 
tion proceduriBs: on purified antigens^ tissue fiitg- 
nients, micrborpnisms, and eukaryotic celte permit 
the isolation of specific scFv Ab firagments (de Kruif 
et aL, 1995a,b, 1996; Boel et aL, 1998), Here we 
describe the construction of eukaryotic expression 



vwitors for the rapid conversion of phage display 
library-derived scFv Ab fragmients to intact human 
ijgpl. IgG2, Ig03, IgG4, IgAl, IgA2m(J), JgK^, and 
IgE Abs. The prcK^edure mvolve^i two cloning steps 
and constructs can be transiently or stably expressed 
in eukaryotic ceils. The combined experiments indi- 
cate that (be in yttro produced Abs are correctly 
assembled and glycosylated Intact human mAl^ 
constructed from a phage display library-derived 
scFv ^ccific for SRBC were shown to perform 
effector fimc4ions that correlated with their C region 
iso^e. 



2. Materials anil methods 

2,L Comintciion of expriessi^^^ 

pBR322 plasmids contaiiiing the human k L chain 
(Hieter ei al,, 1982) or H chain IgGl-4 C regions 
(OiX-A) (kirsch et aL, 1982) were used ns a 
template to append Bamm, Noil and Smal testnc- 
tipn rites to the G regions by PGR amplification 
(Table 1A,B). The amplified products were cloned, 
into the pNUT expression vector (Palmiter et al., 
1987) using BamBl and Smal restriction aizymes, 
itesulting in the plasmids pNUT-CK and pNUT-CyL^ 
4i Because the C7I -3 C regions contain an internal 
Smal risstriction site, the amplified products were 
first digested with ^awHI and subsequently partially 
digested wifii ^ymol, subjected to agarose gel electro- 
phoresis and the rfiill-length products were isolated 
and cloned mto the jpNUT vector^ 

The C regions of hiiman IgM (Cfi) arid IgAl and 
IgA2m(i) (Cal and Go£2) (Ravetch et al., 1980) 
, were PGR amplified &om genomic clones in plasmid 
pBR322 iising G^jl- and Ca^specific primers, wwpec- 
tively (table IA3), digested with Samm and 
EcoW and cloned into the BamHh and &»ciM- 
gcsted pNUT vector. 

A BamHl restriction fragment containing the 
huriian IgE C region gene (Ge) was obtained firom a 
X charon 38A phage clone (Max et aL» 1982) and 
subcloned into the pBiuescript vector (van der Stdep^ 
1995). Ce was PGR amplified from this plasmid with 
the Gc primers introducing Noil and £coRV restric- 
tion sites (Table 1A3)» and cloned into the pNUT- 
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(A) Hpumw. Iwct primers (of mimuhoalpbirMri ccmstetrt icgksij: 



(B) Rinnan r<Hwa(^ primers for imnsuhtigkibiilifi (xmslaril roflioits 



a 

(Q Priwcr* to generate ibe HAVT20 ItAder 
HAVT20 



HAVX^OtG 

(D) Humao bttdc j>rim«i8 

(E) Humait j. formed primer 



V^3b 

(G) Human ibriraid piimar 

* Restnctios siles used for dontos are ufidaitaedL 

74 vector fnwn which the 74 chain was imoved by 
restriction digestion with Notl and Smah 

The pLEADER vector was c6nstni<ated by cxtea- 
sipn of two partially complementary oiigonucliso- 
tides, HAVKO and HAVT20C (Table IG), and 
cloning of fte double-stranded product iritb the 
pUClg vector usmg Ecom tm HiMm. 

The seven V^^ genes used prex'iously to consfruct 
the i*age di^lay Kbraiy of scFv JEragments {de Kruif 
ct al.. i995ai were PGR amplified with flie relevant 
primers (table ID-G) to Introduce Scutl and Notl 



AC 

CAGC^xrrGGGAT^AGOGCACGCCCk^^ 

CAATCATAAGOA^^CtC^ 

CCT 

CAGGCT GGaK3aX3C TGGCCTGAG 

TXJQGGGdO^GGTACCrrCTAAeAC^^ 

OGGGCI TCCCGGGT ACCGCACtCATTTAnrrnfiAG 

XXmOCXiTGAT^ 

CAAtATCGGAT^AGOTA 

AGGGAGGG^SATOAOOT 

CCCATAGAG OAATrCG GATCCAATOOrJlTGnryT^ 
CTCTGGGCAOTQTGATCrCCAarrtmrn^ 
TGGCTOAAATTOAGCnrGTCSOAC^O^ 
AAGCTTAAAOOtCTOG 

TOTGACATCgAeCimCGCyi 
TCTOATCni XjAGCTCA CTCAGT^ 
OA<A/T/G)AlF/Q)SAeGrcAC(G/AyT 
TOTOACATCSi^iSip^ 

TitTeoACTTsesgogag^ 

GCACCTTO 

TCXbCAGTCTGAGgrcACX}^^^ 
TCCCACOTTGAGCTCAC^ 
ItCTGCtA TQAGCrrcA cm^ 
TOCrCXTTATasSSEACT^ 

rrcro^ACT TGCGGC^ 
TOOTC 



reslriction sites and a splice donor «te, and cloned 
into the ptEADER vector (Figs, lA and 2). Thc \ 
gene fiised to the HAVT20 leader was sufesequehily 
cloned into the pNUThCk vector lisiiig Bamm and 

Noil. 

The phagemid containing the coding sequence ibr 
the anti^-SRBG; scFy S6 was isolated from £5- 
cherichia ci^i XL 1 -blue cells (Stratagene, La Jdlla. 
GA) and purified using a Qiagen plasmici isplatictfi 
kit (Qiageh, Hilden, Germany), llie phagemid was 
(tigested With Neol zxid J^l and the regtc«n 
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EcoRI BamHl HA\a'20 leader 

GAGGAATTCGGATHfA ATQ QGA TGC CCT GGC^ TTC CTG TGG 
met afa cys pro g>y phe leu trp 

■ HA^^:^ leader hjcgl 

GCA CTT GTG ATG TCG ACC; TGT CTT GAA TTT TCC..,^ 
afa feu vaF iTe ser thr cys leu gfu phe ser met 

— M S?9f,, Sail Noll Hindiri 

epr GAA ATT GAG CTC CamACTVGGTGAG TGCGGCCGCAAnnrr 
ala ghi lie glu leu 

?f of pLBADER. Re«riciian eodonuclease sites a» iiidiriiwd. ihi> HAVT20 trader and (he fim Ibur aiaiirt teids of 



cloned into the Afcol- and Sa/I-^Jigested pLEADBR 
\'ectpr (Fig. 2). Subsequently, the HAVT20 leader 
and V,j were subcloned into the pNUT expression 
vectors using JBaiwHI and Notl restriction sites (Fifiu 
IB), 

i2. Phage selection 

Phage Ab 86; specific for SRfiC wias isdlatea from 
a scmi-syiiftetic phage displc^y library as descnbck 
jMwcmsiy {de Kruif et al., 1995ia); Approximatelv 
5X10 " phages were bbcked in 2% low-fat dry iiilli 
powder in PBS and subsequently mixed with 10^ 
SRiBC. The phages were allowed to bind for 3 h at 
4*C. afier which the SR&C were \vashbd five times 
in PBS by pdleting the SRBC and temovmg the 
supernatant containing nph4)inding phages; Aftter the 
final washing step pelleted SRBC were resns- 
pended in water and bindmg phages were used to 
infect^, tt)/f ja>l-Biu© celte^ The colt cells were 
plated on agar containing the appropriate antibiotics 
and 5% glucose, and used to prepare phages for a 
subsequent round of selection as prex'iously de- 
scribed (Marks et aL, m\\ After three^iounds of 
selectioii^ monoclonal phage p were itested 

IcM* SRBC-4)inding % ilow c^ i 
FACSiwrn (Bcctoh-Diddnson, San Jose» GA) as 
diEacn1)ed (de Kmif et al., ^ 

23. TramfecHon of COS cells 

SV40^tr8n5fon]ied African green monkey kidney 
cells (GOS-7) cells were maintained in DMBM with 



l6% FCS at 37^0 in a. 5% GQj humidified chamber.. 
Cells were washed in PBS and transfected with the 
plasaudsinOTM 

IpO |iM cbiorpquiiie and 400 jig/ml DBAE-dexU*an 
for i.5 h, washed widi PBS and supplemented \\dth 
bMEM-'10% PCS. After tiansfection^ the cells were 
cultin»d for 3-5 days before the ^expressipn of Abs^ 
was determined in the supernatant by ELISA. 

2.*^. Transfection of fur-^BHK cells 

Baby hamster Wdney 21 (BHK-21) cejls cpn- 
taihittg the fiirin gene (tani^ 1996} were trans- 
fected using the calcium^phosphale method as de- 
scribed (Graham arid vah^d^^ 1973). Selection 
was initiated b>> addling 100 |tM of mediotiexate 
(Sigma, St Louis. MQ,, USA), After 2 weeks, 
colonies of resistant ceiils were picked and cultured 
in methotrexate-'contaming medium. Tlie production 
of Abs was deterrmncd in; t^ by ELISA. 

2.5. EUSA 

All Abs used for ELISA were fiom Southern 
Biotechnology Associates (Birmingham, AL), except 
the IgG subclass-specific Abs, which were from the 
Gehtml Laboratory for Bloodtranfiision (Anisleidam, 
The Netherlands), of a 96-well plate (Flow 
Labonitories/Irvine,uk) were coated with a 1/1000 
dilution of a goat anti-human k L cham Ab in PBS 
overnight at 4''C arid lOO-fjtl aliquots of culture 
supernatant or purified Abs were added. Plates were 
mcubated at 3T*C for 1 h, washed in 0.05% Tween 
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20-PBS, and a 1/1000 dilution of horseradish 
peroxidase (HRP).labeled Ab specific for (he rel- 
evanl human isotype was added. The plates were 
incubated for 1 h at 37*C and washed with Tweeii 
20-PBS. HRP activliy wa^ quantified by addition of 
tetramethylbenzidlne free base substrate and further 
incubation for 10 min at room temperature. The 
en^me reaction was stopped with H2SO4 and the 
01)450 was detenhined. 

2.6. Piat^ioti of human Abs 

The transfected cell lin^ were cultured in serum- 
free: CHO-S.SFM ft mediuin (Gibco^BKL, Grand 
Island, NY) and QultMre supematents harvested 
hvic« weekly. Gellular debris removed from all 
superaatants by cenlrifugation al 3000: ipm for 10 
mhi fallowed by filtration over a 0.2^(jLm membrane 
(Gc?linaa Scimices, Ann Arbor, MI), 

Ail Ig subbiasses were imrified from cultoFc 
mediiitn iby protein A-^S^harose dhromatography 
(PJiarinacia, Uppsala, Sweden). For every jjurificir 
tion a new column Avas used to avoid cmss-contamt* 
nation of difKer^t Abs. The cdncentratton of purified 
mAbs detentiined ucnng tady immunodlffiirsion 
plates 

of the retevarit isotype (LC-Partigen; Behring- 
werfce, Marburg, Gennany) according to the inanu- 
factin:er's j«c6mmendations. 

Z f. SDS'-PAGE ond N'termind amitt0 acicf 
se^eHce analysis 

Aliquots of the purified Abs cpritainir^g 3 fig of 
protein were run on a 10i reducing or 7j;% non- 
redocihg SDS-polyacryiami^ jgel, Pipteins were 
detected by Coomassie bnjliant bliie staining. For 
N-terminal amino acid sequence anialysis, proteins 
were blotted onto a Probldtt membrane (Applied 
Biosystems, Foster City, GA) using 10 mW CAPS- 
10% metitand as blotting buffer. H and L chains 
were diptected by Qoomassie brilliant bhie staining, 
suad sequel by Bdman degiadatiotL 

ZS, Gly'cosxiation anafysis 

Giyco^lation of recombinant human Abs was 
determined following the same procedure as de- 
scribed for the isotyperspecific ELISA. except that 



FITC-labeled lectins were used in the detection step, 
Afier wasWng, individual wells were filled with PBS 
and bound MTC was quantified using a fluorescence 
multi-well reader (Cyiofluor; Pcrspeclive Bio- 
systems, Fraraingham, MA). The following lectins 
were used: lAmax Jtavm (tFA) for fee detection of 
sialic acid, Eyr/hrina cristaglli (EGA) for 
gakctose^p l,4)/^-acetylglucosamine, and Canawlia 
endformis (Con A) for a-i>-mannose, dt-i>-g^ucose, 
branched mannose (BY Laboratories, San Mateo, 
CA). 

SRBC were sensitized \vith the different purified 
S6 Ab preparatioiis by incubation for 30 min at 37*C 
under agitation and waisbed in RPMI t&!|0 medium 
containing 5% FCS. SRBC-bound S6 mAbs were 
detected with FlTC-labeled Abs speciiSc for human 
IgG or IgA (Southern Biotedinology -Associate^^^ by 
incubation for an additional hour at 37*^, ^>Uow^ 
by flow cytbihetric analysis on a FACScan; 

2 JO. Fc repepicr^irmsfe^eci^ ^^^^^ 
Ig rosei/hig /may 

Murine B cell line EAl. 6 transfected Avith Fc^Rl 
(van Vugt et aLv 1996), FcyRna-^131, FCTRIIa. 
R131 (van den^H^ al., 1994), jPci^Ib^ 

NA2 (Qry a!., 1991) aiid FcaW (Morton el al, 
1995) were cultm^ in RPMT 1 640; supplemented 
with lOe'o FCS, 100 units/mt peniciUin, 100 ^g/ml 
streptomycin, 2 mM ghitamine, and 1 mM sodium 
pyruvate. Rosette formation betwe^ Fc receptor- 
transfected cell lines and Ab-sensitized SRBC was 
perfetmed as described in detail eiseu'here (van de 
Wmkel et al„ 1987). 

ilL Fhot^cent labeling of SRBC 
phagpcyiasls 

SRBC were stained with the red fluorescent dye 
PRH26 {Sigma) asr described m detail elsewhere 
(Van . Amersfobrt and Vm Strijp, 1 994). Heparinized 
blood was obtained from heal% voluhteei^ and 
neutrophils were isolated as described prcvioi^ly 
(Troelstra et al., 1997). 

PKfl26-labeled SRBC were s^tbed with the 
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different S^rAb prepamtions by incubation at ^TO 
for 30 min under mild agitation. Neutrophils aiid 
sensitized SRfiC M^ere washed and rosuspHsnded iii 
RPMi 1640: containing: 1% BSA to a final cbn- 
cehtration of IXIO' anid 1.2X10* celis/ml, res- 
tively, TwentyTfj^l aliquots of neutrophils and SRBC 
were mixed, centrifiiged at 25Xg for 5 min at 
incubatwJ at 37T for 20 min, ws^hed and resu^end^ 
ed in 150 jil PBS. FIbw cytometric analysiis was 
petfbnned on a FACScan. Neutrophils wereidiffereni 
tiated from ftee SRBC on the basis of their fbrwaid 
and side scatter prppeities, 

2JZ Con^immt-meiHaled hemdfysts 

Gomplement-medialed hemolj'sis (CH50) was 
estimated by hemolytic microliter assay as described 
prtviowsly (Kleix ci at, 1983:)- to reduce back- 
ground, NHS was preabsorbed with SRBC by mix- 
ing one volume of semn with Uunee volumes of 
packed SRBC. After incubation for 20 mjn oii ice, 
SRBC were, removed by centri&^on arid swtiih 
wais stored in srnaU aliquots at '-1(:PC. 



3. Resiiite 

J. /. Comm^ctwn of vectors for the produciiQn of 
human IgGh4, IgA U2, IgAf, and IgB mAbs 

We have constmcted a serieis of \'ectors that allow 
the rapid conversion of scFv Ab Segments isolated 
fiom a semi-synthetic phage display library^ to 
con^lete human mAbs. of evei>' isotype. The preti-i 
ousfy described plhage Ab display library of scFv 
fragments was constructed J&om seven dififoent \ 
genes and more than 10* y„ genes {de Krmf et ai; 
1995a). The V„ ^e encoding a scF\' isolated from 
this libraiy w^ first cloned into the pLBAE)BR 
vector^ resulting in the introduction of a splice donor 
sequence at the 3' end and the eukaryolic HAVT2() 
leader peptide sequence at the 5' end of Oie y„ 
segment (Kimura et al, 1987; Kabat et d., 1991), 
The T cell receptor leader peptide HAVT20 was 
selected because it allowed the intrdduction of a 
iVci?I risstriction site at precisely the same position as 
was used in tiie pelB leader of the phage display 
library, without altering the amino acid ^uaice 



(Hoogenboom et al., 1991), Part of the genomic 
human J„4 mini gene sequence (Kabat el aL, 1991) 
was introduced downstream of a Sail reslricrion site 
in the pLEADER vector, to complete the region 
and to introduce a splice donor sequence. The 
region was subcloned into pLEADER using Ncol 
and A7I0I, the same restriblion sites which wcna used 
10= construct flfie Ubrary (de Kjuif et al., 1995^0. 
Subsequently, usmg the Bamm and //orl restriction 
sites* the HAyT2p--V„ -splice donor construct wjis 
subcloned into the different expression vectors har- 
boring iixe genomic H chain.: C regions, in which 
sjilice acceptor s^uerices are jpresent (Fig. IB). 

the seven genes present in the ]^hage (hsplay 
library were PGR-aniplified with primere introducing 
a splice donor site arid restriction sites for cloning. 
To facilitate the cloning of Vt gjines, the HAVT20 
Uader siequiehce is^^fi^ fifame by the sequence 

for th^ first four amino acids of a domain 
contflining a 5bcl restriction site, idenlical to that 
used in the (lioflsuuctibn of the phage display library, 
(de iKxpif et aL, 1995a). The 3%primer con^letes the 
Vij gcnas iand adds pat of lhe uitton containuig dbe 
splicie donor; sequence, and a restriction site. All 
constructs were cloned into the pNUT-CK vector 
(Fig. lA). Tliu$, all L chairo wfli contain a human it 
C region. 

The expression vectors are deri\'iUlves of pNUT, 
which contaihs a dihydrbfpiate reductase gene for 
selection of slabfy transfected. cells arid a Sy4a 
origin of replication for transient ejqpression in COS 
cells (Fig, J), 

3X Sekcfion o/SRBC-bmd^ 

Phages were selected for binding to SRBC. and 
aifter three munds of selection monoclonal phage 
preparations were tested by flow cytonrietry. Clone 
^6 was specific for SRBC and did not bind to oX: or 
hutijaneiythrocytes or shee^ (not stown), 

The y,r3 H chiin and VX3 L diam genes encoding 
scFv fragment S6 were cloned into flie different 
expression vectons. 

J.X Exin^essiph md pihificaiion of recombinant 
mAbs 

Integrity of the constructs was assessed by tran* 
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sieat ejcpressioh in COS cells. Supematants were 
han'ested 3-5 days after transfection and analysed 
by ELISA for the presence of Abs, and by flow 
cyjtomelr)' for binding to SRBG (not shown), After 
construct integrity w-as confirmed, stably transfecled 
cell lines were established by cp-transfection of H 
and L chain construcu in fur-BHK21 cells. Fur- 
BHK21 cells contain the forin gene and ;have been 
shown to be superior in the productioii of complex^ 
hi^rjpofecular Aveigbt proteins such as factor VIII 
protein {LanMiof, 1996), 

MeChotrexate-resislant clones were analysed for 
Ab production and stable cell lines were propaigated 
in selection medium. Culture si^emataht was har- 
vested twice^weekly and all subclauses \vere purified 
from pooled supematants using a protein A column, 
based on ihe observation that protein A binds to 
human V„3-encodedi Ab domaiiis (Sasano et al., 
1993)> MAb yieicfe after purLficatiori as measured by 
radial gel filtratipn; ranged from 5 to 18 mg/1 of 
culture supeni^t for the IgG subclasses, 0.5 to 3 
mg/l for the IgA subclasses, 70 fi.g/1 for IgM and 
9.6 iig/l for IgE (Table 2), Because of their lew 
yWd, the IgM and IgB mAbs were not induced in 
(he fimctional^ s^ 

3.4, Ch(&acterhQtion of recombinant human S6 
utAbs 

All S6 niAhs produced were tested in BUSA for 
the jiresence of a K L chain and for flie isolj^e of the 
K chain. IgGl-4 subclass identity was confirined 
using; sufaclass-specific mAbs (not shown), 

SDS-PAGE under reducing oonditipns showed H 
and L chain bands of the predicted siase; L chains 
displayed a band of 30 kik mblecuiar mass while H 
chains rex'ealed bands ranging from 50 to 60 kDa 
molecular mass, dc^penderit on the isotj'pe (Fig; 3A). 

SDS-PAGE under nonreducing cond^dons re- 
mled a iringlc i^ of ^proximately 150-160 kDa^ 
coniBsppriding to feiei size of monomeric IgO aipl©- 
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Fig. 1 Coomassic brilUanI bluissiaihed SDS--IWGE geJ of (he 
puiiHed S6 Ab |»«paraHons mider reducing (A) and tiohmiudng 
conditions (B), HH and LL iijdicate homodimers of H and L 
chiuai, napecJh'el)'. 6ngA2ra(I> Lano I, IgGl; lane 2, IgG2: 
lane 3, 1^3; laiw 4, lgG4; lane 5; IgAl; Jaaf ,6i IgA2tti(t); M,. 
naolecdar \i*eight marker. 

cules (Fig. 3B). In purified IgAI prepaiations^ a. 
pedominant band of 160 kDa was db^erycd., fii 
addition* a band pf approximately 120 kDa molecu- 
lar mass ^ras visible, pppbaibly tqpresenting a com- 
plex of a single H and L chain, as has been reported 
previously (Mpiton et al., 1993X Some high-m61ectt=^ 
lar weightaggregates were topof 
&e gel A faint: band of 80-90 kDa, repmsentbg less 
than 10?4i of the totall protein content, most probably 
represents a partial degradation product. Similar 
bands of 60 and 80 kDa were noticed in the Ig<j3 
and IgG4 preparations^ respectively. 

Under nonreducing conditions, SDS-PAGB of 
purified IgA2ni(l) pr^aratipns revealed two pre- 
doinihant bands of 12» arnl iP 
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with some higher molecular weight aggregates. The 
120 and 50 kDa bands represent disuliide^otidedi^^ H 
and L chain homodimers, respectively (Morton et al^ 
1993). In the IgA2m(U anolype exprfejsed hoj^/H 
and L dbain are apt disttlfiderlirited. Instead, disiii- 
fide bonds are formed between the L chains (Mfis- 
tecky and Kilian, 1985). 

To verify the correct proteolytic removal of the 
HiWT20 leader peptide torn tlie H and t chains, the 
Nrterminal sequence of both chains from the S6^ 
IgG4 Ab determiued. The amino acid sequences 
\vere precisely as prcdicted irorn the: nucleotide: 
sequences of the connectly cleaved Vci and chains 
E VQLVE and BIBLt, re^ecaydy. 

HUinm Ab molecuW coiiifdin N^lii^ 
drates 41 conserved positions regions of the 

H chains. Oligosacdjaridc is attached as high-man- 
nose sugar and trimmed when the glycopiotein 
pass^ thirou^ the endopksmatic reticulum and the 
cis: Gblgi. Processing may eease. at this point> 
yielding gIycopxx>teins with high-riiannose su^rs 
attached. Alternatively^ processing mj^' proceed to a 
complex biantennary form. The lectin Con A was 
used to confirm glycoi^Mpn/\^^^^^ the lectins ECA 
and LFA were used to detect the two terminal sugar 
residues of Mly processed carbohydrates, gatactp^ 
and sialic adid, respectively. SW^l and S6-lgG2 
wene analyzed using FITC-labeled lectins, and bifid- 
mg was quantified on a fluotomoter. Protein A- 
purified IgGl and IgG2= mABs or cm& culture 
siqjeitiatants firom fiij^BHKii ceil lines Uansfected 
with m S6-IgGl or SMgG2 constructs were cap- 
tured on microwells coated ^dth anti^fc L chain 
mAbs. Protein Arpurified JgCJi and IgG2 mAbs 
displayed Con A reactivity^ but la^toed reacMty 
ynii^-^ or LFA (not shown). In contrast, non- 
purified IgGl and IgG2 present in culture super- 
natems bomtd Con A» BdA jsuid ERA ^ot showiO. 

A A ln \itro indeed recowhmm human mAbs 
arefitnctional 

The binding capacity of the different S6.Ab 
preparations was a^essed by flow cytometry. The 
four human IgG and the two IgA isotypes revealed a 
smrite pattern of binding to SEBG (Fig, 4). a 
control human IgG2 mAb, constructed fiom a phage 
hTwaiy-derived scFv specific for group B stieptococ- 
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Fig, 4; pinding of IgG and IgA mAbs to SRBa SRBC \me 

wttttlfecd wiUi setially 

and baicKnfi was delected wt^^ 

cyiomdry. Human mAb GBS7 ^ific for gwup B 6ln^ 
lococcal type HI cajMar pobnsaccbaride. served as a c<Hitrd fir 
bsciegnoutid staimAg. 

^iype III cs^ularpotjfsaccteride {GfiS7^IgG2, de 
Kmif <^ aL, B95a) and produced and jmrified as 
described for flie S6 mAbs, iifid hot reveal any 
binding with SRBC (Fig. 4). 

The interaction of lecombiimht S6 Ab wiflb a panet 
of Fc teceptor-^transfected cell lines was determined 
using a SRBCrrosetiing assay (Table 3). IgGi and 
IigG3 were bound by all Fc7 receptors, while tgG2- 
opsonized SRBG only formed rosettes with the 
Fc7Rna-Hl3I transfected cell line. IgG4 was effi- 
aently bound by FC7RI, while some resetting was 
observed with PcYRIIa. IgAl and lgA2 were the 
only isotypes boimd by the FcodRI-trarisfected cell 
line. 

The capacity to mediate phagoe^osis of SRBC% 
neutrophils was determined for the IgGl and IgG4 
anti-SRBC mAbs (Fig, 5). Neutrophils readily 
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Table 3: 

RoseltttTg; Ig>qva>mged SkBC with Fc leccptor-eransfecied wUs" 
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phagocytozed IgGl-opsonized SRJBC, ^hile SRBC 
incubated with JgG4 wrc not phagocj^bzed. For 
compaiison fliioresconcc of neutrophils incubated 
with non-opsonized SRiBG is shd\vn (Fig. 5), 
TJhe aBility to acliyate the classical pathway of 



250i 



200- 



150- 



;8 IPO- 
s 



50- 



OlgGt 
VlgG4 
□ none 




0*1 1 10 30 

Antibody cdnGehtr^pn (pg/ml) 

Fig. 5, Phagocytosis of IgQI- and IgG4K>psoiii2fid SRBC by 
neutrophils. PKH26-!abelcd SRBC were sensitized whb diflerent 
concentraUofls of ihe mAb$ s&d after ihcub^n wilb tieimoi^ik. 
phtigocylosis wa« measured by flow eyiaawto^. the solid bar 
represents the level of beelcgroiiiid phagoeylosi* of noa-opsoiuxed 
SRBC. 



complement, resulting in lysis of SRBC, was de- 
tennined for a series of S6 mAb concentrations. The 
concentration of mAb that gave 50% lysis of SRBG 
(CH50) was calculated for the four IgG sufeteffics 6 
S6-Ab (Fig. 6), Indncdon of hempl>'sis by IgGl vm 
very dficien^^ reaching optim^^^ at af^roximale- 
\y \ |ig/ml oiP mAb. IgG3 also was capable of lysing 
SRBC, dbeit sUghtly les^ IgGL IgG4 

did not lyse SRBC at concentrations of to 10 
Mfg/mU whj^egs nmgmal lysis was obsersnsi with 
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Pif 6. Isotype-d^wndent. complemem-mediaied hemolysis. 
SRBC were seasitiad w'ah serially diluted mAb preparations and 
Ihe amoomt of huihan semm reqaiied for 50% heirxdiysts was 
detefinined (CH50). As controls, non-opsoaizcd SRBC and SRBC 
opsonhKid with secum from a hyperimniuatzcd tabbU CR22) were 
theluded. 
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IgG2 at the highest mAb concentration tested (Fig. 
6). 



4. Discussion 

Phage Ab display technology has ftcilitated the 
rapid isolation of human Ab fragments specific for a 
wide varietj' of purified antigens, micro-organisms 
and cukaryotic cells. We have previously described, 
flie construction of a semi-synthetic phage Ab dis- 
play library of scFy fegments and its applications 
(de Kruif ct a^ i995a,b, 1996; Boei el al , J998). 
Here we show that scFv selected from this library 
can be conv^ed to complete and fbnctionai human 
inAbs of each of the eight isotsrpes. For the V, 
region, the procedure was designed to enconipa^ 
two cloning stef^s and- awids PCR ampltficaUon 
procedures and concomitant intmductiori of muta- 
tions. In the first step, the V„ region is cloned into 
the intennediate pLBADER vector to append the 
HA\n:20 leader peptide sequem« a^^ splice donor 
site. The T cell receptor a chain leader HAVT20 
(Kimura *t al., 1987) was selected because it al 
lowed the introduction of a Ncol r^iriction site 
fecilitatittg the subcloning of the % chain, without 
iiiterfenng with the amino acid sequence. In addition^ 
the pLEADBR vector contains the genomic i„4 
sequence downstream of a Sail restrictioo site to 
complete the Vj, gene and to introduce the genomic 
^Kce donor sequence, In the second cloning step. 
the V„ region with appended leader and spHcedo^or 
site IS subcbned into one of eight e;q>i«ssion veclore 
containing genomic scqu^iices of each of the diffesr- 
ent human Ig G region genes. The genomic splice 
acceptor sequence resides in the C region domain 
constructs, resulting in the removal of the artificial 
inteon between V„ and the C region by spKcing. 

The HAVT20 leader was also used for the con- 
straction of vectors for the expression of Ig L chains. 
A sequence encoding the ftret four amino acids of the 
\ region, containing a Sacl restriction site, was 
used m the phage library to facilitate cloning of V, 
genes (de Kiuif el al.. 1995a), This same sequence 
was fiiscd in frame to the HAVT20 leader sequence 
m 4o pLEADBR vector PCR amplification was 
used to complete they^ domain and to introduce the 
genomic splice donor sequence and a Noil lestriction 



1$3 

site for cloning (Fig, lA). A set of seven L chain 
expression veciors containing each of the L chains 
used to assemble our phage Ab display library can be 
repeatedly used fbr expression of hew huiiiiui ihAba, 
based on scFv derived from this library, 

Ig constructs were introduced in BHK21 cells 
U-ansfecled with the furin gene. Fur-BHK21 cells 
yield higher amounts of recombinant proteins as 
compared to BHIC21 cells (Lankhof. 1996). probably 
because fur-BHK2J cells reach higher cell densities^ 
al confluency, resulting in increased protein accumu- 
lation in the supernatant In addition, supematants 
from lur-BHK2l cells may be harvested up to 8 
weeks after reaching confluency. After purification, 
Ab yields of up to 18 ing/l of culture supernatant 
were obtained^ comparing favorably to pubtish^ 
production levels of recombinant human Abs that, 
were not specifically selected for high levels of 
expression (Bruggemann et al., 1987; Co et al., 
1992; Bender et al., 1993; Persic ct al.. 1997). Of 
note, IgM and IgB tranKfectanis yielded consid«ably 
lower ieyels of Abs. 

N-Tenninal amino acid sequence sujaiysis of the 
V„3 and V\3 chains encoding Ab Sd-ig04, shbwwi 
that the HAVTZO leader peptide was con-ectly re- 
moved from both the H and L chains in the mature 
Ab, The glycosylation pattern of recombinant mAbs 
produced in fur-BHK2l cells was analyzed using 
lectinis; specific for sugar residues attached in Mefn 
ent stages of mahnation of the. oligosaccharide 
(reviewed in Wright and Monison, 1997). MAbs in 
the cmde culture supernatant appeared to be com- 
pletely glycosylated, resultmg in oligosaccharides 
with terminal galactose and sialic acid residues. In 
contrast the latter residues could not be detected on 
purified Abs obtained after protem A chromatog-. 
raphy. It is likely that these residues were removed 
in the elutibn st^ with low pH buffers. Thus, fiir- 
BHK-2I cells attach polysaccharides to the Ab 
fflolecales which are subsequently trimmrf and 
processed to the complex btantennaiy fijmi. 

The IgG and IgA mAbs produced by fiu--BHK21 
cells assembled correctly as shown by SDS-PAGE 
analysis under nonreduoing conditions (Fig. 3B), 
The IgA2m(l) allotype expressed here does not 
contain disulfide bonds between H and L chains; 
mstead disulfide-bonded L chains dimeis are Xoimed 
(Mesteclgr and Kilian, I985X which aie linked to the 
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H chains by nonco\'aleiit interactions, explaining ihe 
ptedommant bands of 120 and 50 kDa molecular 
mass. 

The differenl isotypes of the human Ab S6 bound 
to Fc receptors in a pattern consistent >^'ith published 
f<^rls= (van. de Winkel and An<ietson. 1991; Shen, 
1992), igGl and IgG3 interacted with all Fey 
receptors tested, whereas IgG2 was efficiently bound 
by the Fc7iaia-Hl31 iransfcctanl only. IgG4-seh- 
sitized SRBC bound to FcYRI-transfccted pells, but 
spine rpsettmg with FovRIIa was also seen. The 
IgAI and lgA2 pr^q^arotions bound to FcaRI-traiis- 
fccted cells oaly» and no IgG preparation bound to 
these cells. Phagocytosis of IgGl- but not of IgG4- 
opsonized SRBC is consistent with the absence or 
vj^' low level e3g>ression of Fc-yRI on resting 
neutni^jhils (Antd-Szaimas 1997). 

In our model, IgG 1 induced complement^mediated 
lysis much more efficiently than IgG3. The relative 
efficiency of lysis of target cells by different Ig 
subclasses has Wn shown to be depend«it on the 
target epitope. IgGl Is considerably more effective 
than lgG3 in ihediatirig fysis of NIP-coated etythro- 
<?J^es (Bruggetrmnn el al, 1987; Bindon et aL, 1988), 
while lgG3 i^ more effective at mediating lysis of 
dansyl-cpated erythrocytes (Dangl et a!., 1988). 
Howevei^ in another^ i^^ using NIP-coated eryth- 
Kxjytes, igGI was better than IgG3 at hi^ antigen 
conccntratibn» while the reverse was observed at 
lower antigen concentration (Garred et aL, 1989; 
lAicisand Wm and Lachmanni l?9i), JgG2 wai 
oiUy effective at the highest antigwi densities, This 
obsttvatioh fits well with the known preferential 
;IgG2 respoiise against polysaccharides on encapsu- 
lated bacteria. The repetitive epitopes of polysac- 
charides would Mfil the requiremeiits for comple- 
m«it activation found in these studies. Indeed, 
complement activation by the human IgG2 isoQ^e 
has been reported for purified polyclonal Ab prepara- 
tions directed against bacteria {Weinberg et at, 1986- 
Givner et aL. 1987; Arnir et al,, 1990; Bredius et aL^ 
1992). The recpinbinant S6 Abs recognize a natu- 
rally occuii% antigen on SRBC, which, in Scat- 
chard analysis, was estimated to be expressed at less 
than 3000 molecules per cell. Indeed. IgG2 induced 
some hemolysis only at the higjiest Ab concen- 
trations tested, while maximum complement-medi- 
ated hemolysis was reached at low IgGl and lgG3 



concentrations. As expected^ rio hernolysis was ob- 
served with IgG4 at any of the Ab concentrations 
tested. 

The cojiversion of phage Abs fragmenis ip com- 
plete Ig molecules of a singfe isdtypc has hieen 
reported for a tetanus toxoid-specific human Fab 
fragment (Bender et al, J993)» two coinplcmenl 
component C5a-spccific murine Fab fragments 
(Ames el al., 1995), a HPA- la-specific human sc#v 
Ab (Watkins el aLi 1999), and a himian £fcFv Aib 
fragment of Ayhich the target was not specified 
(Pctsic et aL, 1997), The Fab fragments and the 
HPA-la-specific scFv fiagments performed similarly 
to the corresponding whole Abs (Bender et al.> 1993; 
Ames ^ aL, 1995; Watldins et aL, 1999), whereas the 
specificity and biological activity of the other scEv 
fragrarat and correspimdmgAvhdIe Ab have not been 
con^ared (Persic et aL, 1997), The SRBO«pecific 
scFv fragment described here was converted to intact 
folly hurnan anti-SHBC Abs of all eight isb^pes; 
The Abs retained binding specificity, were conecily 
assembled and glycosylated and performed in Fc 
receptor binding, complement activatiori and phago-= 
Pi'tosis assays conform their Ig isotj'pe; Human scFv 
fragments against a wide variety of antigens have 
been isolated from a number of combinatorial and 
semirsyiithctic phage display tibrariwi. Recetitly de- 
veloped mxitagwesis and selection strategies faciU- 
tate the construction of very high affinity derivatives 
with affinities in the picompiar range (Schiier et aU 
1996). The expression vectors described hwe faclHr 
tate the rapid constnictipn of higti aianity, mtact 
fully human mAbs for clinical ajppU^^^ 
Ab fiagments selected from pl^e display libraries 
as bmlding bloc^is^ 
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